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Field of the Invention 



[002] The invention relates to wire-reinforced catheters for navigation to remote locations 
within the body of a patient. 

Description of the Related Art 

[003] Wire-reinforced catheters are well known in the art. Generally, these consist of an 
elongated, flexible tubular body defining a central lumen extending from one end of the body to 
the other end. A distal end of the catheter is delivered into the body of a patient and located at a 
treatment site. The proximal end of the catheter remains outside of the patient's body for 
manipulation by the treating physician. The lumen provides a conduit for delivery of material to 
or from the body, or for transfer of sensor information from within the interior of the body. 

[004] Catheters vary in size from large diameter catheters for use in the urinary tract and in 
large coronary arteries and the like to much smaller catheters often referred to as 



.Wcroca.he.ers" designed and sized to pass through a varied of body conduits and orifices 
involving small veins and arteries. 

,0051 The ma.erials delivered .hrough ca.he.ers also vary, as well, and can range from low 
viscosn, aqueous solutions .0 more viscous oils, suspensions and the like. Wire coils and 
filaments can also be delivered .hrough catheters to various body sr.es. 

,0061 One application of special interest involves delivering high viscosity embohaing 

Whalen e. ah, and incorporated herein by reference, describes compositions for embohzmg 
blood vessels which are particularly suited for .rearing vasoular lesions via eatherer delivery. 
These compositions include a biocompatible polymer, a oontrast agen. and a biocompatrb e 
enlvent and have a viscosity of at leas. 150 oS« a. 40°C and preferably have a viscosity of a leas, 
200 and especially a. leas. 500 cS. a. this same temperature. These viscous embolrc 

1. .1 • u ^a,^a unintended migration during use. 

compositions are attractive because or men - 

I007I This sort of viscous embolrzirrg composition finds use in stabilizing and correcting 
aneurysms in complex body environments such as Ore brain. In these cases i. is generally 
r e,„ il edtode,iver.he»mposi,io»s te „ugh,ongc a «ho.ers(sucha S .00.200cmlong)wh,oh 

passrhroughoomplexsmalldi^erervessdsandarrenes. This calls for miccocatheters 
genera.., having an outside diameter of 0.040 inch (0.1 cm) or less and an inner diameter of 
about 0.030 inch* (0.075 cm) or less in order ,0 ft throngh the small vessels. The catheters 
musralsobemite flexible, particularly a. the distal ends which must traverse tight ,wi sB and 
turns in use. 

[008] The high viscosity of the embolizing material poses a problem. Forcing a high by 
viscous materia, th^^^ 

pressure, at times as much as 300 psi and even up to 700-lOOOpsi. Such a pressure may exceed 
the burst pressure of nearly all conventional microcatheters. 
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[009] It is an object of this invention to provide a microcatheter which is of a size and 
flexibility so as to traverse small complicated vessel paths while being strong enough to 
withstand strenuous manipulation and high pressures such as are encountered delivering viscous 
embolizing compositions. 

,00101 It is a fttrther object of this invention to provide, in combination, a ki, of parts which 
includes a microcatheter of the type jnst described in combination with an emboltzmg 
condition having a viscosity of a, least abont ,50 cS, and means for driving the composmon 
through the catheter. 

Statement of the Invention 

,00111 We have now discovered a construction for microcatheters which provides the high 
degree of flexibility needed to traverse complicated small vessel pathways ana me high degree ui 

ihp hi ah nressures associated with 
strength needed to withstana strenuous mampu.»v™. -=>- . 

catheter-delivery of viscous embolizing compositions. 

(0012] Structurally, the tubular body of the catheter is formed of a polymeric material, 
typically formed in multiple layers. One arrangement, of particular interest here, proves a 
structure in which an inner polymer layer is surrounded by a wound or braided reinforcing wire. 
Atop this reinforcing wire is overlaid an outer layer or jacket made up of a plurality of jomed 
segments of polymers of increasing flexibility moving proximal to distal, such that the 
reinforcing wire is sandwiched between the inner and outer layers. 

[0013] In the catheters of this invention all three of these components, that is the liner, the 
wire braid, and the outer jacket, are graduated in flexibility being more flexible at their distal 
ends than at their proximal ends. 
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Brief Description of the Drawing Figures 

[0014] The invention will be described in greater detail with reference to the preferred 
embodiments illustrated in the accompanying drawings, in which like elements bear like 
reference numerals, and wherein: 

[00.51 Fig. 1 is a schematic, no. to scale side »iew of one embodiment of a catheter aceording 
to the present invention. 

[0016] Fig. 2 is a schematic, not to scale side view of an embodiment of the catheter of Fig. 1 
with marker bands. 

[0017] Fig. 3 is a partially cross-sectional, not to scale side view of a catheter shown with a 
representative hub assembly. 

[0018] Figs. 3C and 3D are sectional views of the catheter of Fig. 3 taken at various locations 
along its length. 

[0019] Fig 4 is a schematic, not to scale partially cross-sectional view of a catheter of the 
invention showing the relationships among the inner liner, the metallic braid and the polymer 
outer jacket and showing the attachment of the catheter lumen to a hub. 



[0020] 



Fig. 5 is a schematic, not to scale side view of the inner liner. 



[0021] Fig. 5 A is a section taken at A-A' of the liner of Fig. 5 showing a polyimide stiffening 
overliner present only on the proximal end of the liner. 

[0022] Fig. 5B is a section taken at B-B\ Distal to A-A' showing the liner without overliner. 
[0023] Fig. 5C is an axial cross section showing the taper in the overlayer at its distal end. 
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[00241 Fig. 6 is a schematic, not to scale side view of a metal braid illustrating the stepwise 
increase in pic (weave density) and thus flexibility moving from its proximal to its distal end. 

[0025] Fig. 7 is a schematic, not to scale side view of the polymer jacket illustrating the 
various sections of polymer which make it up with the flexibility of the polymer sections 
increasing moving from the jacket's proximal to distal ends. 

[0026] Fig. 8 is a schematic, not to scale side view of the cylindrical polymeric sections that 
are fused together to make a representative outer jacket. 

[0027] Fig. 9 is a schematic, not to scale partially cross-sectional side view of the tip of a 
catheter of the invention. 



a a i I d qi oUmirina rarlinoranmc 

rv'n uj ivj u >-* ^.*~ • - — o o i 



[0028] Figs. 9A and 9B are radial cross-sections Iukcii ai 
mw wr h<mri« nntinnallv Dresent near the tip of the catheter. 

HIV* A AVV* «^ •"»» — I V * 

Detailed Description of the Invention 

[0029] As shown in Fig. 4, a catheter 400 of the present invention includes three layers 
including a liner 10, a braid 20, and an outer jacket 30 assembled to provide varying flexibility 
along a length of the catheter. The catheter is suitable for accessing a tissue target within the 
body, typically a target which is accessible through the vascular system. The catheter has 
improved torque translation, improved proximal shaft column strength and improved distal 
flexibility over currently available catheters. In addition, the catheter has high burst and tensile 
strengths to permit delivery of viscous fluids such as these described in U.S. Patent No. 
6,531,1 1 1 entitled "High Viscosity Embolizing Compositions," issued March 1, 2003. 

[0030] As shown in Figs. 3 and 4, the catheter lumen can be affixed to a hub 40. Typically 
hub 40 will include strain relief sections 41 and 42, manipulating wings 43 to assist in attaching 
the catheter to a syringe or other drive unit and a threaded or locking fitting 44 for making the 
attachment to the syringe or the like. 
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[00311 The three principal components of the catheter lumen itself, that is the inner liner 10 or 
lubricous liner, the braid 20, and the outer jauke. 30 are each described in separate sections 
hereinbelow. 

[0032] Preferably, the eatheter is a microcatheter. Microcatheters typically have lumen 
diameters of about 0.008 inehes to about 0.03 inches, and more commonly 0.01 to 0.02 mches. 

Lubricous Liner 

[0033] The inner liner of the catheter is a lubricious liner 10 which additionally is configured 
,„ provide strengthening and stiffening to the proximal portion of the catheter. The liner 10 
prevents the braid 20 from being exposed on the inner surface of the catheter and improves the 
lubricity of the catheter inoer lumen to aid guidewire placement. The liner 10 is formed wtth a 
low friction polymer which can be a fluorocarbon such as polytetraimoroeu^nc v > , w, ^ 

, u,„ .toino nolvmers. or combinations thereof. The low friction 

density poiyeuiyicnc, uuivi au — r — .,— - , 

polymer, such as PTFE, may be combined with an overlayer 12 of another more rigid polymer, 
such as polyimide to increase the strength of the liner. 

[0034] When the liner includes a more rigid polymer overlayer 12, such as a layer of 
polyimide, the wall thickness of the rigid polymer layer gradually tapers or otherwise diminishes 
in thickness down to zero or essentially zero well before the distal tip. This is shown in Fig. 4 
and also in more detail in Fig. 5. In Fig. 5, a liner 10* is shown. It consists of a lubricous tube 
,0 of for example PTFE coated on its proximal end with a layer 12 of polyimide. At location 14 
the polyimide tapers to zero as shown in Fig. 5C. Fig. 5 A shows the inner liner region coated 
with polyimide. Fig. 5B shows the liner region not coated with polyimide or other strengthening 
material. 

[00351 This creates an inner liner having greater strength and reduced flexibility at the 
proximal end and greater flexibility and reduced strength at the distal end. 
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,0036, Alternatively, but less preferably, the polyimide may be incorporated . the PTFE 
layer with decreasing concentration toward the dtsta, tip. The W a, lea* 3-5 cm (and often a 
m uch center proportion of the catheter) preferably is provided with no polyimide or other 
strengthening polymer for improved distal tip flexibtlity. This liner design combmmg a 
lubri ci„as material and a strengthening material provides for additional burs, strength for 
sabs-ally the length of the catheter with the exception of the distal portion and provrdes 
habricity throaghout In the liner including PTFE o, other lubricious material and polytm.de or 
other strengthening materia,, the PTFE is a radially inward layer of the liner and the polyttmde ,s 
in a radially outward layer of the liner. 

Braided Wire Reinforcement 

,00371 Surrounding the liner 10 is a layer of braided reinforcement material 20 which ^ 
disposed over and conforms to me inner liner 10. The braid materia. ,0 may be !—j 

• , „„„ nr w metal having a cross section which is 

metallic thread, sucn as lNiunui, suuiuw- -awv., — - 

elliptical, circular, rectangular, ribbon, or other shape. The winding pitch of the reinforctng wrre 
should be varied along the lengm of the catheter to achieve a destred flexibility profile. As 
shown in Figs. 1 and 6, the braid 10 has a variable winding pitch or pic rate. For example, the 
braid may be formed in three or more sections of differing pic rates. The catheter is provrded 
with a braid having a lower pic rate a, me proximal end ,o provide increased strength and a 
higher pic rate a. the distal end to provide increased kink resistance and flexibility. For examp e, 
the proximal end pic rate is preferably less man o, equal to 80 pics-per-inch (pp.) and the d~l 
end pic rate is preferably greater than 80 ppi. 

,00381 in Fig. 6, a representative five section braid is show, with the sections being as follows: 

Length 
15 cm 
15 cm 
5 cm 
15 cm 
to proximal end 



Section 


Pic 


V 


120 


W 


80 


X 


50 


Y 


30 


Z 


25 
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,00391 This is merely representative although this ,s the pic pattern used in Examples 2-4, 
heretn with Ore weave made of elliptical Nitinol wire (0.00," x 0.003" or 0.0007" x 0.003",. In 
any event, the pic rate increases moving proximal to distal along the reinforcing bratd. 

,00401 One or more wires can be used, spirally wound in the same or opposite directions. 
Multiple, counter-woven stt^ds as shown can he considered to form a reinforcing wire mesh or 
braid between the inner and outer layers of the catheter. 

[0041| The braid may comprise a superelastic or pseudoelasttc material, such as Nitinol. The 
superelastic or pseudoelastic material can be annealed prior to assembly of the catheter to 
provide a desired strength or flexibility or even a varying flexibility along the catheter length. 
The braid ma, be formed by weaving the superelastic or pseudoelastic wire over a mandrel and 
then arateaiing. Varying flexibility can he further achieved by variable annealing of separate 
pieces of braid or by variable annealing of the different sections ol a conttnuons oraro. 

... 4,_.f».„i„„ 0 .,nerindoftimeatthedisUlendofthebraid 

Annealing at a hignertemperaiuic ~» t>- r 

will produce a softer distal section. The combination of high pic rate and increased annealtng a. 
the distal end can produce a braid which is more flexible than the braid with a high ptc rate 



alone. 



[0042] Preferably, the braided-reinforcement spans the entire length of the catheter from the 
proximal end to near, that is to within about 10 cm to about 1 cm of the distal tip. The brarded- 
reinforcement may be formed as one braid spanning the entire catheter or may be formed of 
multiple segments which may each include a single or variable pic rate. When two or more 
braids are used, the braids may be overlapped, welded, or otherwise fixed to each other to 
facilitate increased tensile strength and kink resistance. Alternatively, the proximal end of the 
reinforcement may be formed as a coil rather than a braid. 

[0043] According to another embodiment, the braid can be formed of wires of two or more 
materials. For example, a portion of the wires in the braid may be stainless steel and the other 
portion of the wires may be Nitinol. The stainless steel providing increased pushabmty and the 
Nitinol providing shape memory. Further, the braid can be formed of wires having one or more 
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different cross sections. For exampte, half of the writes in the braid may be circular whrle the 
Cher haif of the wires are rectangular. The wires can have a largest cross aechona, d— of 
ab0 „, 00.5 inches to about 0.0005 inches, preferably abou. 0.005 inches to about 0.001 mches. 



Outer Jacket 



,0044) As shown in Fig. 7, the ourer jacket 30 includes a. leas, two and preferabiy 5-10 
segments show,, as "A", »B», "C.rin Fig. 7. These sections vary in durometer of the.r 
poiymers, wherein the proximal duromerers are higher than the more distal durometer, The 
outer jacket can be formed of segmenrs of one or more polymers, such as Crilamid brand 
pCyamide/nylon from EMS Chemie, Switzerland, Pebax brand polyeta/polyanride, from 
Actinofina Chemicals, France and the like. 
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[00451 The outer jacket is prepared by obtaining segments of desucd lengths of zy 

. . .. ..... ^ irti nino these segments typically by heat fusing. The proximal 

stocK oi tne variuua - — j <=> 

segment is typically quite long relatrve to the others and is rhe most rigid and strongest segment 
,„ Figs. 7 and 8, where a 7 segment jacket is shown, this is section -0T. In the jacket showm m 
Figs. 7 and 8 the sections can be for example: 

option Material Leng * 

Se T polyether/amide 25 or 35 D durometer 3-6 cm 

r polyether/amide 40 D durometer 5-6 cm 

C polyether/amide 55 D durometer 5-6 cm 

n polyether/amide 63 D durometer 5-6 cm 

F polyether/amide 72 D durometer 6 cm 

F polyamide/nylon 0.031 diameter 10 cm 

G polyamide/nylon 0.034 diameter To end 



[0046] Generally, as shown in Fig. 9 the outer jacket 30 extends past the distal end of wire 
br aid 20 and ends essentially at the distal end of mner liner 10. In some embodiments the mner 
liner 10 may extend out beyond the distal end of outer jacket 30. 
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OTHER FEATURES 



[0047] A balloon or other occluding member may be attached at or near the distal end of the 
catheter. Split marker bands 50 and 51 may be used to impart fluoroscopic visibility to the 
catheter shaft as shown in Figs. 2 and 9. The more proximal marker band may be disposed over 
the braid 20 and under the outer jacket 30, whereas the more distal marker band is placed 
adjacent to the end of the braid 20 over the inner liner 10 and under the outer jacket 30. 



EXAMPLES 



Example 1 

According to one example of the present invention, two catheters were formed of the materials 
and by the steps described below. 

[0048] Two different Nitinol braids were cut to 155 cm in length for use in formation of the 
two catheters. The braids were each formed of eight elliptical 0.001" x 0.003" wires. The braids 
were formed on a steeger braider with the braider pitch changed between segments to form a 
continuous braid with a changing pitch The first braid had the following segments with the 
following pics-per-inch (ppi) starting from the distal end: 4 inches 120 ppi, 8 inches 70 ppi, 2 
inches 40 ppi, 6 inches 30 ppi, and 39 inches 16 ppi. The second braid had the following 
segments starting from the distal end: 2 inches 120 ppi, 6 inches 1 10 ppi, 2 inches 50 ppi, 4 
inches 40 ppi, 6 inches 30 ppi, and 39 inches 16 ppi. The remainder of the steps and materials 
were the same for the two catheters. 

[0049] A liner of a polyimide layer overlapping a PTFE layer was purchased preloaded on a 
mandrel. The Nitinol braid placed onto the liner and secured at the ends. 

[0050] A proximal jacket of Grilamid TR55 (TR55) and Grilamid L25 was then placed on top 
of the braid. The proximal jacket is described in Table 1 . A FEP shrink tube was then placed 
the proximal jacket and the proximal portion of the catheter was fused using a pipe line 



over 
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n a ^f30cm/min The FEP was then removed with a mechanical 
foser at 450 degrees C and a speed of 30 cm/min. 

stripper. 

Table 1 



Distance 
from Tip 
(cm) 



Distance 
from Hub 
(cm) 



PPI 



Jacket 




Estimated 
Stiffness (.001 

in-lbs) 



Estimated 
Kink 

Resistance ( ) 



, T L havingcuromete^D.BSaan^D. Ue segments were tacked ,n 
described in Table 2, having a™ artfP PP shrink tube was 

p ,aceby fusing with short segments of FEP at tajoinu. MongpteceofFEPsta** 

removed from the inner lumen of the catheter. 



Table 2 



Distance 
from Tip 
(cm) 


Distance 
from Hub 
(cm) 


PPI 


Jacket 


20-25 


125-130 


40-50 


P63D 


5-20 


130-145 


50-110 


P35D 


0-5 


145-150 


110-120 


P25D 



Estimated [Estimated Kink 
Stiffness Resistance () 
(.001 in-lbs) 



5-6 



0.5-2 

<oT~ 



140 



140-160 
160+ 
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[0052] The completed catheter 5 were 



tested with a Tinius Olsen stiffness tester. 



Example 2 

,00531 A micronadteter was constructed as follows. A PTFE line, coated along its proximal 
end with colyimide was obtained. The polyimide coating was tapered between dte eoated and 
u „c„a,ed,e g i„n,The.iner had aninside diameter of 0.17 ineh (0.43 mnt) and was more 
flexible in its uncoated region than in its coated region. This liner was placed on a suttable 
mandrel. 

100541 A Nitinol braid of the general type set out in Example 1 was obtained. Thts braid had 5 
sections with the following five different pic per inch rates as show, in Fig. 6 and Table 3. 



Table 3 



Distal 



Proximal 



Section 
V 
W 
X 
Y 
Z 



Pic/Inch 
120 
80 
50 
30 
25 



Nominal Section Length 
15 cm. 
15 cm. 
5 cm. 
15 cm. 
100+cm. 



,00551 The braid was placed over the liner with the transitu* from 25 Pic to 30 Pic weave 
aligned somewhat distal to the end of the polyamide eoating on the PTFE Inter. 

100561 A polymer jacket was prepared by heat fitsing seven cylindrical sections of polymers of 
varying stiffness to one another. The sections were fused beginning with the stiffes. secttons 
which make up the proximal end of the jacket and continuing to the more flexible sections as 
shown in Figs. 7 and 8 and Table 4. 
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Section 


Material 


G 


Polyamide/nylon 


F 


Polyamide/nylon 


E 


Polyether/polyamide 


D 


Polyether/polyamide 


C 


Polyether/polyamide 


B 


Polyether/polyamide 


A 


Polyether/polyamide 



Table 4 



0.034" 118 cm 50" 

0.031" 10 cm 4 " 

72 D durometer 1 6 cm 61 IT 

63 D durometer 5.5 cm 2 1/4" 

55 D durometer 5.5 cm 2%"^ 

40 D durometer 6 cm 2 3/8'^ 

^ D durometer 3.5 cm 1 3/8" 



[0057] The constructed polymer jacket was then assembled over the braid. The jacket was 
aligned with the distal end of the braid so that the end of the jacket extended slightly beyond the 
distal end of the braid. A last section of jacket, the most flexible, about 5-6 cm (2-2 1/2") of 
durometer 35 n 0 1y,ther/polyamide was then lapped slightly over the distal end of section A of 
the jacket. The distal end of the liner extending beyond the jacket was trimmed to length. 

[0058] A heat shrink tube was slid over the jacket and the assembled catheter placed in a heat 
shrink machine and heated in a 260 second cycle to form the jacket tightly around the braid. 

[0059] Thereafter the shrink tubing was removed and the catheter was mounted onto a hub 
assembly, the most distal section of flexible liner and jacket was trimmed and the distal end was 
finished. The trimmed catheter was then given a two step coating with a lubricous, hydrophilic 
biocompatible coating system known in the art as follows. 

[0060] The catheter was placed on a coating mandrel and dipped first in a base coat of a 
polyisocyanate solution with hyaluronic acid polymer and dried and then top-coated with a 
cross-linked top coat and again dried in a warm oven. This catheter has an outside diameter of 
1.9F (0.63 mm - 0.025") at its distal end and 2.4F (0.79 mm - 0.32") at its proximal end. 

[0061] The lubricous coating covered the catheter from the distal tip and extended back about 
100 cm toward the proximal end 
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Example 3 

[0062] Example 2 was repeated with the following changes: 

[0063] The wire braid was made of 0.003 x 0.0007" elliptical wire, jacket section A was 25 
durometer polyether/polyamide and the final outside diameter of the finished catheter was 1 .7F 
(0.57 mm - 0.023") at the distal end and 2.1F (0.70 mm - 0.028") at the proximal end. 

Example 4 

[0064] Example 2 was repeated with the following change: A larger diameter PTFE liner was 
used (0.53 mm - 0.21" vs. 0.43mm - 0.17"). The materials for the braid and jacket were as 
described in Example 2. The resulting catheter had a distal diameter of 2.2F (0.73 mm - 0.029") 
and a proximal diameter of 2.1 1 (U.ymm - 0.036"). 

Example 5 

[0065] The microcatheter of Example 2 was tested to determine kink resistance using standard 
methods and procedures known in the art. The results are presented in the Table 5 below. 

Table 5 
Kink Resistance 



Location on Catheter Diameter of Kink (inches) 

Distal Tip °- 035 
Distal Shaft (3-22 cm) 0.038-0.081 
Middle Shaft (22 - 44 cm) 0.101 - 0.1 13 

Proximal Shaft (44 cm - 65 cm) 0. 1 1 6 - 0. 1 07 

[0066] The microcatheter of Example 2was also tested to determine burst strength using 
standard methods and procedures known in the art. The results are presented in Table 6 below. 
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Table 6 
statir Burst Pressure 

Location on Catheter Burst Pressure (psi) 

(Distance from the Distal Tip (cm)) 
3.2 



3.5 
8 

22.2 
24.1 
27.5 
29.2 
38 
42 
45 



969 
820 
846 
840 
977 
868 
774 
716 
688 
900 



[nn£7l /Wnrrtincr to 



the above data, the catheter has an average burst pressure of 837 psi. 



Example 6 



[0068] The microcatheter of Example 3 was tested to determine kink resistance using standard 
methods and procedures known in the art. The results of the test are presented in the Table 7 



below. 



Table 7 
Kink Resistance 



Location on Catheter Diameter of Kink (inches) 

Distal Tip °- 014 
Distal Shaft (3-22 cm) 0.025 
Middle Shaft (22 -44 cm) 0 056 

Proximal Shaft (44 cm - 65 cm) 0.150 



[0069] The microcatheter of Example 3 was also tested for burst pressure and was found to 
have an average burst pressure of 742 psi. 
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[0070] While the invention has been described in detail with reference to the preferred 
embodiments thereof, it will be apparent to one skilled in the art that various changes and 
modifications can be made and equivalents employed, without departing from the present 
invention. 
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